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SUBJECT: AM EARLIER RECONNAISSANCE SATELLITE SYSTEM 


In the light of recent events, RAND has reviewed national and military 
intelligence problems, existing and proposed reconnaissance systems, and in 
particular, the current USAF satellite reconnaissance program (WS 117L). 

As a result of certain technical and conceptual breakthroughs, it is con- 
cluded that efficient satellite reconnaissance systens of considerable 
military worth can be obtained earlier and more easily than those envisioned 
in the current 1171L progran. 


The systems proposed in this recommendation aiffer aces from the 
current 117L system concept. 


o The proposed systems use a spin-stabilized payload stage. 


o They use a transverse panoramic camera of essentially 
conventional design, fixed to spin with the final stage, 
which scans across the line of flight. 


o Either the entire payload or the film is recovered. 


The first of the proposed systems uses a 12-inch camera, carrying 500 feet 
of 5-inch wide film. The extremely short exposure time--1/4000 sec--elin- 
inates the need of attaining a precise altitude, exact image speed synchro- 

wyizgation, difficult performance characteristics, and related problems. It 
will provide sharp photographs of about 60-ft ground resolution. Each ex- 
posure, covering some 300 miles ecross the line of flight, will photograph 
some 18,000 sq mi. The 500-ft roll will cover some 4,000,000 sq mi (almost 
half the S.U.) and show major targets, airfields, lines of communication, 
and urban and industrial areas. This satellite could weigh about 300 lb 
and be placed in a polar orbit at 1807 35 miles altitude by a combination 
of rockets such as Thor plus second stage Vanguard plus a third stage small 
solid rocket similar to the Vanguard's third stage. <A one-day overation is 
envisaged, with recovery by command firing of a braking rocket on the 16th 
pass, so as to impact in a predictable ocean area. 
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The next, more sophisticated, system would use a 36-inch camera, carry mich 
more film, do more detailed reconnaissance--with a ground resolution of 
about 20 feet. This system can possibly be Thor boosted. 


A third system--undoubtedly requiring Atlas-type en a 

120-inch camera and would have very large film capacity. This system will 
be able to accomplish very high quality photo reconnaissance and, mst in- 
portant, will do it better than any Air Force system now in development or 
in prospect will be able to do in the 1960's. | 


The earliest and simplest of the several systems will collect at least as 


mach information in its arias J operation as the "early" 1L7L vehicle will 
in its useful life. 


Because of our belief that the first system could be available about a 
year from start of work, the second in less than two years, and the third 
in about three years, we recommend that the U. S. Air Force begin vork 
immediately to accomplish this Program. 


Success of this type of system should result in refocus of the present . 
components of the 117L program to those tasks requiring the communication 
link and cyclic talk~back facility of 117L--warning, and daily surveillance 
of selected targets, being the principal high priority tasks requiring such 
an operation. Thus this new family of satellites and the type of satellite 
at present scheduled under 171 program would be mtually complementary and 
not coupetitive. 


Descriptive diagrams and more ieee discussion of the proposed system 
are contained in the attached appendix. A RAND Research Memorandun, 
RM-2012, is also available. 


RAND is actively engaged in further and more detailed studies supporting 


these proposals and will help Hn SUSry: wey ness with the fulfillment 
of these objectives. 


Yours very truly, 


Z F tbody 


F. R. Collbohn 
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Level A providas larce-cren search, measused in millions of square 
miles. Level B is limi ted-area scarch, measured in hundreds of tnousands 
of square miies. Level C, spec’ ft c-point-onjective pndtovrapny, is 
measured in hundreds of square cies. And Level D, tecimical-i:.tellizence- 
objective ynotoprap.;, provides coverage tn blocks tense of squarc wiles 
or lesz in aine. 

The. reconnaissance satellite system proposed permits us to progress 

. ~ 
eystematicall, Pron Level A tiowcrd Level D in a series of syeten liprove- 
mente. I% will f!ret enable us to cover millions of square miles of the 
Sovies Unton civing us protogrep:s of such a scale and resolution that 
significant insteiligence information can 4e ot tained. Suci: missions can 
be repestcd Prom sime te time to srraal new developments in cre Soviet 
posture. Reconnealssance at Level A wlll also be valuarie tn pinridtag 
inforaatcian an wi-erm to conduct mom detatled resonnaissanes. Wile tne 
3.’etea Will ro?. srovede "8 w th vermin: intelligones, ++ Will help us 
ectimase Soviet capabi tities ard identif: ceria’ a hinds of m0" TAY SETS « 
2. THE CAMERA 

Te nemern ~rorosed Tor be ta s-“B.c= is & Sransvenge nanorvx.c came vn 
eonuhel ning @ M2 4n. Somal-leng’r, only correctad ff:,: tac Wreinh overs 
a fairs nercow anvle o? anproxt nate: 27 decreed. We vwnansle ssacntarc is | 
| eceamiist:ed bo tie expedient af motos: the Tang across ree Piold dicins 
the exposure tim. 

Por trensvevse seaming af *e cro-ud Som a satel: te » “2 Canera 
mist rotate arowd Line enettnd'nal axis of Ene .senicle. Por t!'3 anplice- 
tica Lt in vroencied co rotate te entire a2r lord stage Wit: (he cenere 


firmiy atblecied, sis eneratins a eweep across tie line of TLL 
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It {s not proposed to rotate the camera within tts carrier. 

Fisures la and ib stow. the geometry of the cazera, lens, a:c vocal 
plane relations!:ips. The lens is mounted perpendicular to the carrier's 
roll axis behind e quartz vindow in the surface of the carrier. The lens 
imaces the sround on a fixed slit in front of the focal plane, tie slit 
sea an effect, as a very fast sitter. When tne film Ls moved 
during tho eral exposure, at a rate aes matcring. the ~Ayse motion 
produced by pASSnC of ti:c carzier over ti:e ground, @ continous, sharp 
photograph is produced {ii tne focal ylane. During te portion o? tie 
rotational period in which the Lena does not ‘see' tire ground, tie slit is 
capped and a measu:ud length of flim Le zolled off the sappy spool in 
readiness fo. the next exposure. At the cede time, the las exposure is 
wour:d up on the Lakeeip spool. | 

Not2 tlat t..e trangverse panoranic camase under discuss:o: does 
not, require tie wusiwal kind of ntsc cade stabliization necessary for camerss 
mounhed or aircraft. Ti.¢ entire carrier rotates; fils is an important 
distinction Letween this proposal ad ot.er proposals fo> camera-carryiny: 
| oatoll! tas. | 

Spin is Luparted to the pay load stave to produce tie avan aocessary 
for produci'y; piotographe acrose ble Line of fli sat. In addition, apin 
impacted Lo tile payload stage stabilices li ta inertial apace. That is, 
pin Atanrilisacion serves the twofold Biiroed Of atabilizing: tie attitude 


of tne cancra tn space and seanuing ine cround at tac prover rate. 
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Fig. lb Camera Geouetry 
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Tne proper stabilized attitude cf tne camera in soace is determined — 
by the yeography of the area to be surveyed (see Fig. 2). The trenen- | 
dous area occupied by the Soviet Union and its political satellites has 
its major axis ts longitude; thet is, the area is seeeteins out in longi- 
tude and compressed in latitude. Most of the territory ve are interested 
in, from a reconnaissance standpoint, lies between 40 degrees Morth and 
70 degrees worth. This fact turns out to be very fsrbints as regards 
attitude stacilization, for it means that if the payload vehicle can be 
stabilized in an attitude horizontal to the surface of the earth at 55 
degrees North—i.e., midway between the two latitudes—the cenera will 
produce acceptavie pictures over the entire distance from 40 degrees ‘orth 
to 70 degrees North. (The satellite is considered to be on a polar 
orbit, as will be discussed below. } Hote from Fig. 2 that, when the 
payload stage is at 40 degrees ilorth, the vertical, with respect to the 
longs axis of the veaicle, ia pointing vack 15 degrees with respect tw tie 
earta; at 70 degrees North, it poiats forward 15 aaeveoas These angles 
result in very small errors in uncompensated image specd. These errors 
can be completely disregarded in che paotography, as discussed below. 

pnsthes icportant feacsure of the canera lies in tne employment of a 
very hich effective shutter aneed: vr snort exposure tine. Thia allows us 
to ignore fairly substantial changes in altitude and uncompensated image 
| Speec, changes in venicle velocity wer the surface of the earth, small 
angulsar rates and displacements » and otner such effects which, in any 
customary reconnaissance vehicle, would certainly ae photographic quality. 


It appears, at first Sight, that taking photcuraphs from a satellite 


moving at about 13,000 miles perv Huur would be an extreordinarily difficult 
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job because of image blurring, the lack of sharpness, the lack of defi- 
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‘nitdon, and hence the lack of informtion-gathering capacity. This first 
_ impression is no~ entirely erroneous. It is difficult to take pictures 
from an object coving at high speed—-but not Lapossible. ' It can be done 
if the image aoticn during exposure is kept as emill as possible, con 
sistent with the requirements for definition. 

This satellite reconnaisscence system is not intended to get 
microscopic resolution at, say, levels of 100 lines per millineter. The 
goal, believed to be fairly easily attainable, is a modest 40 lines per 
om of film resolution. This compares vith certain specialized reconnaissance 
systems now in use. 

; A statistic commonly used in describing aerial reconnaissance systems 
is ground resolution. Ground rescvition is simply the ground dimension 
that corresponds to one line of resolution in a focal plane. In this case 
@ le-in. focal~lenzth lens and LO aines per mm are being considered. Thus 
the width of a ground element produced or projected vack on the ground 
through the lens systen is 1fi0 tn as seen froma distance of l2 in. or 
500 ma. For the design altitude ve have in mind here, the resolution is 
about £0 ft. | | 

‘The effective design shutter speed for this camera is 1/ 4000 second. 
This speed is obtained oy properly desiming the elit descrived earlier, 
in conjunction with the fila speed and rate of scan, or vehicle rotation. 
This exposure speed is consistent with the choice of film emilsion—called 
Plus—X Aerorecon—and the choles cr lens speed, f/ 3.5. At the design 
altitude, about ¢ ft of forward movion ere produced during the oes 
tine (of i/ 1,000 sec while the vehicle is moving at £2,000 ft/ sec. Thia is 


1/10 of the basic 60-ft resolution elenent, and can ve tolerated, in fact 


ignored, for purposes of prota — 
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Tiis extremely fast exposure tine sakes it possible to :more forward 
image motion; -.% also makes “+ possitle to i.more altitude changes, 
vrobaole anjular displacements, -clocity variations, ard substantial | 
variations in fim rate. 

2. THE ORBIT | 

_A polar orhit is preferred, with a firlng south from Patric AFB or | 
from Camp Cooie. A desimn altitude acceptable to the camera ia 18¢t35 
miles. Variatio::s in altitude manta t.an 70 miles would not only affec*. 
eca.2 ful resul® in cuanges in the orbital period maxing it difficult to 
rejuiate camera mperat.ons ws.% recess timim;. If tue patelilte went 
mac? bore 200 miles the braxir:; ee propellant weignt would nave to be 
increased and erumid ecedinteGa saute ne degraded. If lower alt‘ tudes vere 
used the setcliite would encounter :wdesirable aerodynamic forces. 

The woheit of the camera and flim installation ts about 8) nounds. A 
tote. oryluad we. gat of 360 poinnds HAS been selected, leav* ty; about 220 
pounds oe pa; oad strmictusel components, reeentiy coatins ybrant: Ys~ Toc. cet 
vrope-le:ts, vatveries 40 operrte the 7ilm meennnism, veacon and canaveniae: 
and essuciated ;ear ngcessary to opernte tue cemera and revo.er tie package. 
It misg:t be noted at tuis poliy thai. t2e@ power requLronent tar % e camera 
is conserverlivel, estimated at ICG watterours, whien can Le provided by a 
faw pounds ‘ee unitertes. Tavle i cimmosises the neyload-stace weights. 

Wii resoent to tote. time :: usbdt t, a ijeda: operat.on is envisaged. 
I: one da; the satellite will mak: about lu revolutions around tie earth, 
six cr sever. of which would: ces over the Soviet Usion. Phe eancra carries 
(a 500-"00t f'lm ioad, tes will sezmti. 200 exposures at a Film epeed of 


about 22? tact.es ner recond. i !.2 pe:lesd rotates at abo:rt 20 revolutions 


. | 
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Tadole 1 


Payload Staje Welt Summary (ib) 


Group A - Photographic insvaiiaion | 80 
Camera % 
fism 30 
Environnens 7 
Altitude Sensor 10 
Misceilaneous L5 
Group B ~- structure | 110 
Su@ad 30 | 
Fiberglas 80 
Group C - Hecovery Syste= | 110 
—_ Impulse Rocxet 35 
Tracking 3eacon 16 
Recovery Seacon ° 
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per TEanute, witi: the comere Tied TO Mac an exposure s.esy tulrd revolu- 
CLO. 

Each exposure wi) produce & p.cture covering come 10,000 square miles 
on the ground. Each pass over the Soviet Union will cover ebout 3/4 
million square miles on the ground, ‘or nearly half the total land area of 


- 


the Soviet Union. Figure 3 2s a schematic representation of a ieee . 
Operavion. 

‘nue booster combination proposed for the early reconnaissance satcllite 
is tre Thos RDM and tne second stage of * Vanguarm, Wit ‘ti & emai solid 
rocket, fimilas to the third stage o; Vanguacsd, to provias a final orbital 
inerenent. Te progulsicn ‘35 cus provided by a liguid-liqutd- solid 
comblaavion. Table 2 is a summary of vehicle weights. 

Fron a prelint wary Strictuvas tvesticgavion 1% appears snat the Tror 
ai rf rane and it8 major compose.:ts seed not ce modified for tie satellite 
mission. Tia Tcr autopilos and convrol 678 °Gn can be used for first- 
stase Gidaane » GLE..OUZL s1ere 26 some posslvility that t-.8 syoten would 
regqiicve som: mcd: ?ication “a orsse wne heavier Load on the nose cf the 
ThOr Dh 2. tecsoased loads durin t2c ascact sonjectory. For che 
satcllite mssic., the Luor inertia. cuidance systea will not be required. 

Te basic “22frame oF tic Taucaard second stase aecd not se mociSied for 
tulB appli: cation, witn che exception of the aft ‘interconnect at ructure, 
whieh wilt havc to ve designed to mate tic J2ein. diameter Vang-ard WLta 
tie ihel.. dleme- “er Thor wose ‘su. Tie guidance system of the second- 


giage Vansvard wold be uscd .. 202, 1c Lion wit G.E. (207A) casponents. 


Tre sian oF the taiwd Stic “as 10% beR. at Hove ver, tne 


Vewpiasd oli s.age ia charmclesistic, in coneeps av Least, or tne type 


a 
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Tasle 2 


Venicle We ‘Gat Summary 


. Orbitel payload | 300 lbs 
Third stage (solid) | _-:3T5 lbs 
Second szage (Vanguard 274) 905 lbs 


Initial stage (‘Thor) 110,910 Ibs 
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of solid-propellant rocket meet’ng “ne reguirenmerts for te satellite under | 
Gi sscussion. | 
Tic nevlomiestace confisuretia. chosen for this case is o double 
conm.cal shape with a meximum dioeter of 35 2nches (see F.s. lv). 
| ee | cody was chosen because oF tne desiract ity of minimizing 
nossi>le aerod:nam.: 11% forees at =a2 ~.vely Low orbital eltt ss ° 
‘45 material is assumed to be 0.950 cogeesum alloy costed with a layer 


of Plbergins-alastic conmbinat ou m the formed end for ticat provect!.oni. 


Mo Hayload steve 4 neludes a crating rocieh ustas asout 70 Ib. O2 propellants. 
A typical ascent SEaVOESOry ‘gs shew. in Pig. 4. Tarts powered-ascent 


“ralectory is cflected by tie combination of tu Thor soogtar, Wita firet- 
stece Deidense preprogrammed for t:.e autopilot, and w@ setonées hace 

Yan mrie ussite: 26 own saidanse in 2" ‘anstlon with 4ta G.2. radio system. 
The bursoitt veloc’ t ty attained }: tin two boosters 48 cyo:t 2: ,9n9 P/sec, 
wit e@ 2. aagtesn weight of nhout 2° Vs, 

After 2 neviod of coast to a degiim alticute | ¢ nbduvt 200 miles, the 
second stare, im:taingns the sviner and sepevetior. mes: os! 9a Tor “he third 
etazc, orients ard apins the tet: cent A = preversation for t2c tinal velocity 
“neremect. Tae orientetion, sook:ed d: IrLestatio: ‘ets i the second stage, 
13 US o pita obultude Such tran wa ventele ig parallel to tho earth's 
warfare ab 37 ads crees aorth (or soti.) lattowde.. After crientation, and 
befor: the “nite stege fires, che tsd stage a and + Fae Darloadt are oer: around 
Sreiz> roll fia “0 tae angular os vr needed to statiiice the ‘ehicle and 
orevi de the aron-s scan rate Cor t.a samera. 

mia Meine of the turd giao: T2pecates .4 Iom tie second stage and 
‘wmests tie Tal ors tal welled’ t. sh smigat of 1200 ft/sec rege red to 


attain tie proper alsitude (about 10 2!) overs she Soviet Shion. At third. 


stace burnout, a small Ge senaratins tic pe Load and 


Satellite Orbit 
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Jeaving it, properly oriented and spin-stacilized, free in space. 


4, Tracking and Recovery 
Tracking will be required for essentially three reasons: to determine 
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the orbit accurately enough for coordination of photographic data; to trigger 
oe cree Sener at the proper time for the descent; and to establish the | 
descent path so that the impact point can be located. 

The number of trackers required and the epecing between then is 
dictated partly by the guidance eccuracy. To insure against guidance 
inaccuracies in launching, it is proposed that two or three trackers be 
used in an arrangement which places them generally vith about a 200-mi 
seperation on a line normal to the orbit. | 
| A second factor that must be considered in determining the number and 
spacing of trackers is the deterioration of tracking accuracy at low 
angles above the horizon, It is highly important that the satellite pass 
close enough to at least one station so that sufficient tracking data can 
be obtained at angles of elevation greater than about 20 degrees. For a 
nominal satellite altitude of 180 ai, this requires that the satellite 
pass within roughly 5 degrees of the station, or within a ground range of 
about 350 mi. Again, two or three trackers at intervals of 200 mi normal 
to the orbit are dictated. 

Because the satellite is to be placed on a polar orbit, tnesc 
objectives can be met by a small number of trackers near one of the poles. 
It seems advisable to locate the tracking stations, say three of then, at 
a high northern latitude such as in Alaska or Canada, Spacing should be 
about 200 mi in longitude. | 

Tracking date would be in the form of two angles and a range to 


permit orbit prediction. The use of range information considerably reisxes 


“m- 
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the requirement for angular accuracy. To obtain range, a transponder 

in the satellite is required. | 
Descent from orbit is achieved by the copmand firing of a braking 

rocket in the satellite, Assume that the satellite is coming over the 

pole, that it 1s picked up by our trackers in the north, and that an 
impact point in the Pacific is desired. The braking rocket is then fired 
forvard and upward, imparting a downward and beckvard velocity inpulse 
superimposed on the @bital velocity. The resulting weiccity vector 
points downward, so that the vehicle is effectively in a ballistic tra- 
jectory comparable to the ‘low-angle', i.e., lower-then-optimm, path of 

a long-range ballistic missie, | | 
Tracking of the vehicle immediately after the beginning ef descent 

establishes a predicted vacuum path. This, together with predicted atnos- 

pheric effects, makes it possible to predict the approximate iaeant area, 

The vehicle is protected against re-entry heating by a coating of suitable 

vaporizing material: 80 lbs of Pivebglaa-telarscced plastic, such es that 

used on advanced designs of the ICBM nose cone end on the Jupiter nose 
cone, are suggested. Ispact survival of the casing, film load, batteries, 
and beacon is made feasible by the proper selection and arrangement or 
structural components. Search aircraft are used to find and recover the 
payload. This means that the radio beacon must operate after wees impact, 
and possibly that some type of dye marker should be released upon impact. 

5. INTELLIGENCE PAYOFFS | | 
Photographs produced by the system just described should enable us 

to do a useful reconnaissance job at Level A, over sreas measuring millions 

of square miles, The scales and resolution that will be possible are 


comparable to those obtained with certain kinds of photographic mapping 


_———— 
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equipment standard on Air Force reconnaissance aircraft today, They will 
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make it possible to identify major railroads, highways, and canals. Urban 
centers, industrial areas, airfields, naval facilities, seaport areas . 
and the like can be seen. Very likely, defense missile sites of the sort 
found around the Moscow area will also be identifiable, Thus, vith 
repeated surveillance, it will be possible to find new major installations, 
perhaps to learn something about patterns of use of Soviet ICBM systems, 
and certainly to obtain clues for the direction of other, higher-resolution 
systems that can go beck and take another look. 
5. SROWIMH POTENTIAL - 

Clearly, the major euplaate of this recommendation is an the easiest 
and earliest recoverable photographic satellite system. This version, 
the 12-in,, £/3.5 camera using 500 ft of 5-in, film, and based on the 
Thor booster, ig seen as the first of a sebigs of auch cameras and systems. 
This system is capable of photography at Reconnaissance Level A in ade- 
quate detail. As the system is weaved out, as confidence is gained in 
satellite operations, and as environmental constraints and intelligence 
problems become better understood, more advanced systems can be constructed, 
“The first system would be followed by a 36-in. focal-length system, using 
1500 ft of Sein, film. At this time it appears that this system can also 
be put om orbit using a Thor-type booster, with a maximm payload weight 
of about 300 lb, - 

This second system should provide reconnaissance at level B, giving 
adequate detail over areas Cf hundreds of csigwnda sf square miies. Eventu- 
“ally this system could evolve inte one using a 10-ft focal-length lens 


and about 2500 ft of 13-in, fils, based no longer on the Thor but on the 


. 


nate 


Atlas booster, and doing a reconnaissance job at level C, or over 
specific point eiaatives. The time phasing of the several neosects 
- should be about as follows: availability of the 12-in, system one year 
from date of contract; availability of the 36-in. system in 15 months; 
and availability of the 10-ft system 36 months after the start of the 
program (Pig. 5). | 

™o conclude, it is believed that the type of system proposed here 
will work, can be available quickly, and will fill a vital military 
peconmaleannse need both in the near and in the distant future. 
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HEADQUARTERS UNITED STATES AIR FORCE 


WASHINGTON 23,D.Cc. | MERCER: 


25 November 1957 


MEMORANDUM FOR MAJOR GENERAL SWOFFORD, AFDRD 


SUBJECT: RAND Recommendation "An Earlier Reconnaissance 
Satellite Systen (8) | 


General Putt has reviewed the attached report and 
commented as follows: 


“General Swofford: 


“This is one we should start immediately. 
Request DRD make recommendations to me as to how 
we might proceed. I'd like DRD ideas before any 
contact is made with ARDC. Please see me re this. 


DLP" 


Incl — <_ 
Rand Rpt on 


Lt Colonel, USAF 
Assistant Executive 
DCS/Development 


above subj. 





